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3d-transition metals, as the most common impurity , easily contaminate silicon 
wafers and device during device fabrication. Due to properties of high diffusion 
coefficient and the sharp solubility dependence on temperature in silicon, the 
transition metals tend to agglomerate and form precipitation during the subsequent 
cooling. This brings about detrimental effects on the device performance. Therefore, 
investigation of the precipitation mechanism of transition metals during different 
annealing conditions is important for photovoltaic engineering and microelectronics 
industry. 
In this article, the influence of transition metal impurities on the formation of 
denuded zone(DZ) and electrical properties in silicon was systematically investigated 
under different annealing conditions. Furthermore, the interaction between transition 
metal impurities in silicon was also detailed discussed in the dissertation. The most 
important conclusions achieved in this dissertation are listed below: 
(1) The influence of copper contamination process and its precipitation on the 
formation of denuded zone in silicon was systematically investigated by means of 
optical microscopy(OM) with etching. It was found that the different contamination 
process would have a great impact on the formation of denuded zone. Based on the 
experimental results, we also found that the different contamination process could 
lead to the widths change of the DZ. In addition, the effect of copper on the minority 
carrier lifetime of multi-crystalline was investigated by means of microwave 
photoconductivity decay. 
(2) The effect of nickel contamination process and its precipitation on the 
formation of denuded zone in silicon was systematically investigated by means of 
optical microscopy(OM) with etching under conventional furnace high-low-high 
annealing and rapid thermal processing(RTP), respectively. It was revealed that the 
DZ can be obtained in all samples contaminated by nickel impurity and the width of 
















samples mentioned above was monitored by means of microwave photoconductivity 
decay. 
(3) The influence of copper–nickel co-contaminated on the formation of denuded 
zone in silicon was systematically investigated under conventional furnace 
high-low-high annealing and rapid thermal processing(RTP), respectively. It was 
found that the DZ can be obtained in all samples under conventional furnace 
high-low-high annealing. While for the rapid thermal processing, the bulk 
micro-defects(BMD) generated in the whole specimens contaminated by 
copper–nickel impurities at the first step of the heat treatment, thus no DZ generated. 
While in other specimens, DZ formed. Additionally, the generation and release 
mechanism of the stress and the interaction between transition metal impurities in 
silicon were also discussed in detail. It can be concluded that the formation of copper 
precipitation can significantly promote the formation of nickel precipitation, and the 
formation of nickel precipitation can also promote the formation of copper 
precipitation. 
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                       Si+SiO2→2SiO                        (1.1) 
SiO 进入到硅熔体后，由于受到单晶拉制过程中坩埚对熔体产生的对流以及
熔体本身的热对流的影响，大部分 SiO 会被输送到熔体的表面以气体的形式挥发
并被保护气体带走，只有少量的 SiO 在熔体中分解，其反应式如下： 
                       SiO→Si+O                           (1.2) 
氧在随后的单晶生长过程中进入到硅单晶内，并以间隙态的形式存在。由于受到
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